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Table 1 Rresult of redox reactions under conditions of different heating/cooling rates
‘ SR SR
Thii R Gl NIRRT S SRR SNBSS
K- min” SR RS ERET kmge SRR R EET g
L EZ/K HREE/K HRJEE/K i /K
5 1194.47 1199.94 6.44 1168.29 1161.40 6.54
10 1195.49 1203.33 6.57 1165.31 1157.87 6.61
20 1195.90 1207.64 6.53 1165.41 1155.74 6.52

3.2 C0:0/Co0 HIRAIER Iz Bz i 1k BE B K %

SEEMR T 5. 10 F 20 K/min 3% 3 Fh /R R o %
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TR A E A S AL FR I R NS AR BE E .
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FITEILREINZE 2 Fron . FRITE s B mT A, 16 fL RE Rl S
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Table 2 Activation energy of reduction in different conversions
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Kissinger A FELREYI(E N 2055.01 kJ/mol.
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Table 4  Kinetic parameters of Co;04/CoO in linear fitting in different reduction reaction mechanisms
N 5 K/min 10 K/min 20 K/min
E/k]J+mol™ FERE E/k]J+mol™ FERE E/kJ+mol™ FERE
1 3006.10 0.98108 3113.92 0.99792 2324.26 0.99786
2 2232.13 0.95442 2459.14 0.99183 1832.83 0.99163
3 1974.14 0.93711 2240.88 0.98767 1669.02 0.98738
4 1458.16 0.8719 1804.36 0.97220 1341.40 0.97155
5 6102.00 0.99930 5733.04 0.99881 4289.98 0.99887
6 4554.05 0.99621 4423.48 0.99989 3307.12 0.99991
7 9197.86 0.99943 8352.16 0.99604 6255.69 0.99614

H12 4 AT, 78 3 M THEE I E R T, — G0 B
B RPN TY =R TR 2/3 2% AR T
REPR IS5 R4 B SR AR SC I , Wi i BR AR RS A Wi &4 [ A
T ARSI A K 1/4 20 S5 o A R AR A A 2 1R UL 5 B A 2
AT DL e TERMEAUG B 4 TRV T5 AL BERY
U (AT i o5, e — 250 S AR A DL A5 B ) 376 4

it E(3 FhTH/BEIR R YN 2874.16 kJ/mol ) 5 Z Hij ik i
N AL BE IR 15345 S d B, DR S — R s
C0304/CoO 14 Z I Ji 52 I 19 Fe MESR Sz o7 HLIEAS 7

[ ER B L3 s AL PR AR AR AR SR A S g A TPk
PG G RN S Win . ER R R AL — 9% )
F =G0 AR T ) P0G R, 7 3 AT/ IR R
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Table 5 Kinetic parameters of Co;04/CoO in linear fitting in different oxidation reaction mechanisms

S 5 K/min 10 K/min 20 K/min
E/kJ-mol™ AHICFHLr E/kJ -mol™ FHERELr E/kJ -mol™ FHCREL
1 2591.82 0.96568 1401.39 0.91675 1025.9 0.88341
2 2013.72 0.93038 979.81 0.83474 687.26 0.77105
3 1821.02 0.91029 839.29 0.78398 574.38 0.70093
4 1435.62 0.84561 558.23 0.60615 348.61 0.46085
5 4904.24 0.99748 3087.70 0.98592 2380.48 0.97683
6 3748.03 0.99058 2244.54 0.96990 1703.19 0.95505
7 7216.65 0.99977 4774.01 0.99559 3735.07 0.99072
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Table 6 Temperature parameters of redox reaction under

+C, (16)

different oxygen pressures

SR W ATy BN
EIRIEEK  EREEK i J3£/K
0.21 1195.29 1166.34 1180.81
0.30 1205.67 1180.01 1192.84
0.50 1220.50 1198.30 1209.40
0.70 1231.44 1210.73 1221.09
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Table 7 Results of linear fitting of reduction with

addition of pressure term

THE R E R iz FHRZREL
B/K +min™ E/kJ -mol”! r
5 2549.40 0.97643
10 2722.60 0.99797
20 2013.63 0.99804
TEALRE T {E 2428.54 —

2428.54 kJ/mol, 5 Z Hi A& J& H 7 T2 e i) 1158 I A5 1
Tk fiE (S48 N 2874.16 kJ/mol ) #H Lt , B 43 2 B 19 7% 1k
AETT 1 (2139.30~2488.54 kJ/mol ) .,

[ RE K M R h(p) 51 A SR i A S g
B BRI R O A (17) 48 U PR A 1k X
FHOH AT a5 a3 8 i . LA s ik
BIE R 2761.29 kJ/mol, 5 A4k i 2 (19 1% b e 1T 5
(2055.01.2626.73 kJ/mol ) AF 43T .

=8 EEFENFZMEHNEURMERPEER

Table 8 Results of linear fitting of oxidation with

addition of pressure term

ANA R H1kne HHICREL
B/K-min” E/kJ-mol ™" r
5 4113.30 0.99711
10 2416.12 0.97984
20 1754.46 0.96290
AR EIE 2761.29 —

ZE R, 2 R ) A S, S AL B AR A 4
A AR SR IS RE B NI, BV 152 0 R B
GIAAE FF RN B 7 2R B e R B, 2% SRR 1 33
S0 BE RS B 38 Co,0./Co0 EAL IR JFL R I 8l 1124 11
FRtE AR AL
35 AEESEX Co:0/Co0 HIEWITE R & K 5h
HERIF N

R T RS E AR IIE TN Co:04/Co0 1y E AR 5
FRE Bl 1 2R RS2, 43 BT 5 R 0.30.,0.50,
0.70 B ()38 J5 R S A FR TS AL R, 43 B EA T s vy A
R o 25 3 L3 S W AR A i TG AL BE A DL A 45
5 Ozawa P THRETE R BRI H Ozawa 11515
FNEAEIE T I EAR T B TR RE E O {E.

B IR R AL L AR AT R LA A,
Ozawa LT A&/ N Ak BTG ILRE , e %
JE R BEE A (A1 R R — . M = R N AR R
XA M 0.30.,0.50,0.70 A3 J5 R 3o FE gk A7 2k
PG 0T, 53 9 iR,

R9 FAEREEAS K/min REE5HETERERMEBLEER

Table 9 Results of linear fitting of reduction under different oxygen pressures with heating/cooling rate of 5 K/min

=) hfkhe — G 213 G S h] TR =

A EVE(E 1-a 2(1-a) (1-a) %(1 ~a)’

B klemol™  yEAvEEE HIXCRE  WELBEE  HICRE WELBEE  HICRE  WELBEE HICRE
030  3753.53 170227  0.89761 3093.83  0.97482 448538  0.99122 726849  0.99845
0.50  5084.11 903.48  0.66614 224479 0.92900 3586.10  0.97255 626872  0.99185
070 732173 29207  0.19025 1650.15  0.86285 2672.62  0.94934 5053.18  0.98437
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SR DA B A [ S8 20 T Y 5 oy AL B AR ) 48145 45 2R
BATHPIR 2B (s 10) o 5 248 Y&,
TIOUL A1 BE 0 A, SR B 388 T2 2 CoO 5 50 1
a7 WA R TR R Y AT A AR Al i
T Y 52 107 i 3 AT (A BT 2) , (E B3 Rl 4 &5 1 o
S A A i 3 A B A L I SRk JRE Y 18 o g 49 K 3 el
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e
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Table 10 Results of linear fitting of oxidation under different oxygen pressures with heating/cooling rate of 5 K/min

=) 1Ak BE — R 213 G T R

5y EVFEE I-a 21 -a) (1-a) 5=y

B klemol™  yEALREE  HIXCERR  WWLEEE MIEER  WEREE  HICEREL WEBRE O MISERML
030  2558.18 1120.76  0.83196 2307.11  0.96596 349345  0.98922 5866.15  0.99830
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KINETICS ANALYSIS ON THERMAL CHARACTERISTICS OF
Co0:0./CoO REDOX SYSTEM

Yang Guangwei, Yang Tianfeng, Xiao Gang, Ni Mingjiang, Cen Kefa
(State Key Laboratory of Clean Energy Utilization , Zhejiang University , Hangzhou 310027, China)

Abstract: The redox kinetics of Co0;04/Co0O reaction system was studied by thermogravimetric analysis under different
atmospheres. The activation energy of redox reaction was calculated by Ozawa method and Kissinger method, and the
corresponding reaction kinetics models were established. The results show that the reduction reaction of C0;0./CoO system
conforms to the first-order reaction model, and the oxidation reaction is in accordance with the second-order reaction model.
The introduction of the pressure influence function is helpful to describe the characteristics and changes of the kinetics of
C0304/Co0 redox reaction more accurately. The most suitable reaction mechanism model of the redox reaction changes with
the oxygen concentration in the reaction gas atmosphere.

Keywords: thermochemical storage ; metal oxides; thermogravimetric analysis; redox kinetics; mechanism function



